Introduction
Introduction

The development of cancer in human beings and animals is a multistep process. The complex series of cellular and molecular changes participating in cancer development are mediated by a variety of endogenous and exogenous stimuli. A very powerful and ubiquitous cancer-promoting stimulus is that arising from reactive oxygen species (ROS)
. ROS are generated in normal physiologic processes, including aerobic metabolism, inflammation and immune response and are known to play a dual role in biological systems resulting either in beneficial or in harmful effects to living systems. Low concentrations or transient exposure to ROS induce cell proliferation and regulate the activation of several signalling pathways [4, 5] . In contrast, at high concentrations, ROS are important mediators of damage to cell structures, including lipids and membranes, proteins and nucleic acids [6] . The [8, 9] and have been implicated in the carcinogenic process through the regulation of a redox sensitive network controlling both cell proliferation and cell death pathways [10] [11] [12] [13] .
Cervical cancer, which continuously plagues many women all over the world, still remains to be one of the major focuses of researchers. Infection with human papilloma virus (HPV) has been implicated as an important aetiological factor in the causation of cervical cancer [14] and the role of HPV in association with other factors has been extensively studied [15, 16] 
. Large body of knowledge already generated in this area supports the view that high-risk HPV types, among which HPV-16 is the most prevalent type, have the ability to transform normal cells into a malignant phenotype. However, viral oncogenes expression, although necessary, is not per se sufficient to induce cancer as indicated by the frequent spontaneous clearance of HPV infection and the long delay between the onset of persistent infection and the emergence of the malignancy. Therefore other factors have to be involved in the progression of transformed cells to the full neoplastic phenotype. In the search of cancer promoting co-factors, several studies focused on the role of concurrent genital infections, racial and genetic characteristics and viral variants, but little attention has been paid to oxidative stress and its role in the process of neoplastic progression.
The 
Protein identification by mass spectrometry
Selected spots were manually excised from gels and submitted to trypsin proteolysis, as described by Mignogna et al. [20] , with some difference. Briefly, after four destaining steps using 5% (30 min.) 
Immunoprecipitation
The immunoprecipitation was performed as described previously [22] . The (Fig. 1A and B 
Specific protein carbonyl level
The most widely studied oxidative stress-induced modification of proteins is the formation of carbonyl groups, which can occur by different mechanisms, including direct oxidation of side chains of lysine, arginine, proline and threonine residues, among others [26]. Western blot and subsequent immunochemical detection of DNP-adducts allowed identification of carbonylated proteins in UVB-treated HK cells in comparison with untreated cells. Oxidized proteins can be detected by WB because the proteinbound carbonyl groups react with DNPH and can be recognized by antibodies to the protein hydrazone. We used a parallel approach to quantify the protein levels by Bio-Safe Coomassie staining and the carbonyl levels by immunochemistry. The specific carbonyl levels were obtained by dividing the carbonyl level of a protein spot on the nitrocellulose membrane by the protein level of its corresponding protein spot on the gel. Such ratios give the carbonyl level per unit of protein. Figure 3 shows representative 2D Western blots of control cells (a) and UVB-treated cells (b). In comparison with control cells, UV-treated HK-168 cells have five proteins significantly more oxidized. These proteins are: annexin 2 (Anx2), elongation factor Tu (efTu), elongation factor gamma (ef1␥), heat shock protein 75 (Hsp75)
and ␣-enolase. (Fig. 5) 
Fig. 1 Representative 2-D gels of control cells (A) and UVB-treated HK-168 cells (B). Proteins (150 g) were separated on immobilized pH 3-10 IPG strips followed by separation on 8-16% gradient SDS-PAGE gels and stained with Biosafe Coomassie. by MALDI-ToF spectrum (Fig. S1). Specific oxidation of ef1␥ was evaluated by post-Western immunodetection of carbonyl levels of immunoprecipitated protein.
Validation of identified proteins
To further verify the up-or down-regulation of the identified proteins, we performed Western blot analysis of some of the proteins we found modulated by UVB irradiation in HK-168 cells compared with control cells. Among these, we used specific antibodies against PDI A3, Anx2 and Hsp75. Figure 4 shows that all the above proteins showed the same pattern of expression of 2-DE (see Table 1). These results also strengthen the validation of 2-DE analysis in this report. To validate the correct identification of protein spots, immunochemical selection of Anx2 was undertaken. Upon immunoprecipitation, the spot was absent in the 2D gels
Discussion
Increasing evidence supports the role of oxidative stress in cancer development [1, 2] 
The peptide mixtures obtained from the protein spots, treated with trypsin, were analysed by MALDI-ToF-MS and the relative mass lists used for identification by the Mascot program (Matrix Science). (a) AC ϭ accession number (SwissProt). *Proteins identified in the same spot. MS ϭ identification by peptide mass fingerprint (PMF). MS-MS/MS ϭ identification by PMF and tandem mass spectrometry analysis (see text)
. [28] . Cytokeratins have been shown to be associated with invasive growth and progression to malignancy [29] [17] . Because CK8 and CK19 are overexpressed in various cancer cells [30, 31] [48, 49] . In addition, it has been reported that oxidative damage may contribute to decreased protein synthesis [50] [51, 52] and recent studies suggest that Anx2 might be linked to tumourigenesis [53] . Based on the existence of redox-sensitive cysteine [54] 
Table 2 Summary of proteins identified as significantly oxidized in UVB-treated HK-168 cells compared with control cells *For each protein the carbonyl immunoreactivity/protein expression values were averaged (n ϭ 6) and expressed as percent oxidation compared to control Ϯ S.E.M. The P-value listed is the significance of elevated protein carbonyls relative to control samples (see text). (a) ϭ accession number (SwissProt).
Fig. 3 Two-dimensional carbonyl immunoblots from UVB-treated HK-168 (B) cells and control cells (A). Positions of the five identi-
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